INTRODUCTION
============

Large numbers of long non-coding RNAs (lncRNAs) have been detected in mammalian genome through large-scale analyses of full-length cDNA sequences ([@B1],[@B2]). Several lncRNAs such as NRON ([@B3]), MEG3 ([@B4]), lincRNA-P21 ([@B5]) and MALAT-1 ([@B6]) have already been well characterized, suggesting that lncRNAs function in a range of biological processes such as imprinting control, cell differentiation, immune response and chromatin modification ([@B7; @B8; @B9]). Though lack of conservation does not necessarily imply lack of function ([@B10]), the low conservation levels of most lncRNAs is an impediment to functional research. The tens of thousands of mouse lncRNAs were provided by FANTOM3 ([@B11],[@B12]), and data on both mouse and human lncRNAs obtained by recent deep-sequencing efforts ([@B13; @B14; @B15]) have increased the alertness of the scientific community to the important roles of these transcripts in biological processes ([@B16],[@B17]). Guttman *et al.* ([@B13]) identified numerous large intervening non-coding RNAs by chromatin-state maps and assigned functions to these ncRNAs based on the coding-non-coding gene co-expression relationship extracted from custom-designed tiling array data. In spite of such efforts, custom-designed tiling array analysis is expensive and relatively inflexible, and is therefore not a preferred method for lncRNA studies.

Based on high-throughput experiment datasets including microarrays, physical interactions, genetic interactions, and phylogenetic profiles, a number of functional prediction tools have already been designed for protein coding genes, such as N-Browse ([@B18]), FunCoup ([@B19]) and GeneMANIA ([@B20]). However, no such tools have yet been developed for lncRNAs, and it is therefore still a challenging task to mine out the potential functions for this type of molecules. We have recently shown that several thousand probes in the Affymetrix Mouse Genome 430 2.0 array perfectly match sequences of lncRNAs ([@B21]). Similarly, Risueno *et al.* ([@B22]) found that 27% of the probes in the HG_U133plus2 array could be remapped to ncRNAs. Furthermore, Michelhaugh *et al.* ([@B23]) used re-annotated Affymetrix U133A and B arrays to demonstrate that five lncRNAs were upregulated in the brains of heroin abusers as compared to matched drug-free control subjects, the results which subsequently could be confirmed by quantitative RT--PCR. We therefore re-annotated the Affymetrix Mouse Genome 430 2.0 Array probes corresponding to both coding and non-coding genes, and constructed a co-expression coding-non-coding (CNC) network based on existing microarray data ([@B21]). Applying three widely-used methods of functional prediction, the work showed that lncRNA functions could be reliably predicted by such a co-expression network. Noticing that probes targeting lncRNAs are common in various Affymetrix array platforms, it is of great importance to re-mine the abundance of existing microarray data by similar strategies.

To provide an easy way to re-use the existing microarray data for lncRNA functional annotation, we have developed a practical and user-friendly web interface called ncFANs (non**-**coding RNA Function ANnotation **s**erver), the first web service for annotating lncRNA functions in mouse and human through re-annotation of Affymetrix array data. ncFANs pre-processes the uploaded microarray raw data into expression profiles for both coding and lncRNA genes, and then annotates the functions of lncRNAs, based on the CNC network pipelined according to the aforementioned method ([@B21]), or by identification of condition-related differentially expressed lncRNAs in the microarray data.

MATERIALS AND METHODS
=====================

Filtering the lncRNA data sets
------------------------------

The mouse lncRNAs based on the mm5 version of mouse genome were downloaded from FANTOM3 database ([@B11]), and the human lncRNAs based on the hg19 version of human genome were curated from Vega as given by Ørum *et al.* ([@B24]). We excluded non-coding transcripts with length \<200 nt, and converted the FANTOM3 lncRNAs from mm5 to mm9 using the UCSC liftOver tools. To avoid false positives, we assessed the coding potential of the FANTOM3 and Vega lncRNAs by CPC ([@B25]), and only retained transcripts classified by CPC as 'non-coding' and 'non-coding (weak)'.

Re-annotation of Affymetrix microarrays
---------------------------------------

In its current version, ncFANs provides re-annotation of 10 mouse and human Affymetrix arrays, including six 3′-end expression arrays and four whole-genome expression arrays ([Table 1](#T1){ref-type="table"}). The probes of these arrays were re-annotated to coding and lncRNA genes using a modified pipeline proposed by Liao *et al.* ([@B21]) ([Figure 1](#F1){ref-type="fig"}). The probe sequences were downloaded from the Affymetrix website (<http://www.affymetrix.com>). The sequences of coding transcripts were obtained from the RefSeq database ([@B26]), whereas the mouse and human lncRNA sequences were obtained from the filtered data sets of FANTOM3 and Vega, respectively. In the re-annotated CDF files, coding genes are identified by the corresponding NCBI Entrez Gene ID of RefSeq ID. With respect to Affymetrix arrays with perfect match--mismatch (PM--MM) probe pairs, we only re-annotated the PM probes and retained the corresponding MM probes. The information of gene coverage for each re-annotated CDF file is shown in [Table 1](#T1){ref-type="table"}. Table 1.Gene coverage information for each re-annotated CDF filesAffymetrix microarrayThe coverage of re-annotated CDF filesTotal numberCoding geneslncRNA genesMouse430_217 76113 6734088Mouse430A_210 42410 132292MG_U74Av266496507142MG_U74Bv253594711648MG_U74Cv231322340792MoExon-1_0-st-v139 17119 95019 221MoGene-1_0-st-v118 93418 554380HG_U133plus213 27313 028245HuExon-1_0-st-v220 54418 9431601HuGene-1_0-st15 80015 78515 Figure 1.The detailed pipeline for re-annotation of Affymetrix array probes.

Construction of the coding-non-coding (CNC) co-expression network
-----------------------------------------------------------------

Based on the re-annotated expression profiles containing both coding and lncRNA genes, the co-expression relationship of each gene pair was estimated by the Pearson Correlation Coefficient or the Spearman Rank Correlation Coefficient. The *P*-values of the correlation coefficients for all-against-all gene pairs were adjusted using the Bonferroni multiple testing correction. Co-expression relationships with significant *P*-values within a given upper percentile were retained as edges and coding and lncRNA genes were entered as nodes in the CNC network.

Functional annotation of lncRNAs based on CNC network characteristics
---------------------------------------------------------------------

Based on the CNC network, ncFANs predicts functions for the lncRNAs using three methods (i.e. module-based, hub-based and co-location-based) as described by Liao *et al.* ([@B21]). In the module-based method, ncFANs employs the Markov cluster algorithm (MCL) with default parameters to identify modules of co-expressed genes in the CNC network. Based on the hypothesis that co-expressed modules often represent functional units (e.g. molecular complexes or pathways) whose genes have similar functions, the lncRNAs within a co-expressed module are then assigned functions that enriched among the coding genes in the same module. In the hub-based method, the hub lncRNAs are selected by a user-defined cut-off for the node degree, and the functions that are enriched among its immediate coding gene neighbours will be assigned to the lncRNA. In the co-location method, the functions of an lncRNA are annotated with its co-expressed, co-located coding gene partners defined by a given threshold for the distance between the loci on the chromosome (e.g. 10 kb). The lncRNAs were assigned with the functions of the coding genes within the same chromosome region, under the hypothesis that lncRNAs are commonly involved in the same biological processes as its adjacent upstream and downstream co-expressed coding genes ([@B21],[@B27]). In the current version of ncFANs, the functional types include Gene Ontology ([@B28]) and KEGG pathways ([@B29]) terms, and the statistical significance of the functional enrichment is evaluated by the hypergeometric test.

Selection of differentially expressed lncRNAs
---------------------------------------------

ncFANs provides two validated, widely-used methods, Fold-Change and Student's *t*-test, for selecting differentially expressed lncRNAs. In the Fold-Change method, the expression values for each lncRNA are averaged across the samples in each experimental condition and their ratios are used to rank the lncRNAs. The Fold-Change is used in combination with the *t*-test. The lncRNA, within a user-defined higher fold change with a *t*-test *P*-value \<0.05, is considered as differentially expressed. In the latter method, the statistical significance of the expression values for each lncRNA is estimated by the *t*-test after adjustment with the Benjamini and Hochberg correction for multiple comparisons. The cut-off for the *t*-test *P*-values is set by the user.

WEB SERVER DESCRIPTION
======================

The system overview of ncFANs
-----------------------------

ncFANs is a freely available web server for functional annotation of lncRNAs, and is available at <http://www.ebiomed.org/ncFANs>/ or <http://www.noncode.org/ncFANs/>. So far, ncFANs includes 10 Affymetrix arrays for two organisms (mouse and human). ncFANs is comprised of two major parts. Part I deals with microarray data pre-processing, and Part II concerns lncRNA functional annotation. The workflow of ncFANs is shown in [Figure 2](#F2){ref-type="fig"}. Figure 2.The workflow of ncFANs. Asterisk for the microarray raw data larger than 100 M, Part I of ncFANs, 'Microarray Data Pre-processing', should be implemented on user's side by using the local pre-processing programs provided by ncFANs.

In the 'Microarray Data Pre-processing' step (Part I), the Affymetrix array raw data uploaded by the user are processed into gene expression data (for both coding and lncRNA genes) using the corresponding re-annotated Affymetrix CDF files. In its current version, ncFANs provides re-annotated CDFs for seven mouse arrays and three human arrays. In future ncFANs versions, re-annotated CDF files for more chip types will be included, and the coding and lncRNA genes data will be updated with the development of genome information. ncFANs provides two widely-used methods, RMA and MAS5.0, for processing the raw data of Affymetrix 'PM-MM' probe-designed microarrays. As an optional step, the expression of coding and lncRNA genes under an experimental condition could also be evaluated by MAS5CALLS. For the PM-only probe-designed microarrays (e.g. the exon array) ncFANs only provides RMA since MAS5.0 depends on MM probes which are absent in these arrays.

ncFANs applies two strategies to annotate the lncRNAs with potential functions (Part II): 'Functional Annotation' based on co-expression network characteristics, and 'Functional Enrichment' based on differential lncRNA expression in the microarrays. In the former strategy, ncFANs constructs a CNC network based on the expression profiles derived from Part I. The co-expression relationships are evaluated by statistical correlation coefficients. The parameters for constructing the CNC networks will be decided by the user. As outlined above, potential GO term or KEGG pathway functions are assigned to the lncRNAs based on the CNC network characteristics (using three different methods, including module-based, hub-based and co-location-based) and user-defined cut-offs. The 'Functional Enrichment' strategy is suitable for case-control experiment data, and applies common statistical methods such as Fold-Change and *t*-test to identify lncRNAs with significantly differential expression under the given experimental conditions.

Input
-----

ncFANs requires two inputs: Affymetrix array raw data (*CEL* files) and the label file. The *CEL* files should be compressed into one *zip* file for uploading. The label file should consist of two columns which are tab-delimited, the first column containing the *CEL* file names and the second column the corresponding label for each *CEL* file in numeric format. The label file must be uploaded in *zip* compressed format. In addition, if the size of the uploaded microarray raw data is \>100 M, the raw data should be processed on the user's side using local pre-processing programs which can be downloaded from the Download page. In this situation, the user should upload the gene expression profile and its corresponding label file directly to ncFANs for the calculations in Part II. In order to gain a stable statistical significance, it is suggested that for the 'Functional Annotation' strategy in Part II, the total sample size of the input data should be five or more, and for the 'Functional Enrichment' strategy in Part II, each class of input data should include at least five samples.

Output
------

The output of ncFANs will be shown in the 'Results' web page, including the pre-processed gene expression profile and the functional annotation results. Employing the relevant re-annotated CDF file(s), the uploaded microarray raw data will be pre-processed into gene expression profile by the methods selected by the user, and the pre-processed gene expression profiles (containing expression values for both coding and lncRNA genes) can be downloaded from the results page.

The output mode of the lncRNA functional annotations will depend on which of the two alternative functional annotation strategies (Part II) that has been employed. For the 'Functional Annotation' strategy, the potential functions of lncRNAs annotated by the three methods (module-based, hub-based and co-location based) will be shown with *P*-values calculated by the hypergeometric test. Moreover, several details, such as the size and members of each co-expression module, will also be shown. For each lncRNA, information concerning DDBJ Accession number, genomic location, derived tissues and neighbouring coding genes will be included, while for each coding gene, its gene symbol and description are shown. In addition, the whole CNC network will be exported to the user in the Cytoscape file format for graphical representation. For the 'Functional Enrichment' strategy, the output will show lncRNAs with significantly differential expression under the given experimental conditions. Furthermore, the coding genes will be grouped according to their expressional changes under the same experimental conditions. Significantly enriched functions in each group will be shown, thus enabling comparison to the relevant differentially expressed lncRNAs. An example of the data output is shown in [Figure 3](#F3){ref-type="fig"}. The re-annotated CDF files and local pre-processing programs are available to users from the ncFANs download page. Figure 3.The output of ncFANs for Affymetrix Mouse Genome 430 2.0 Array using the example data sets. (**A**) The output from the 'Functional Annotation' strategy for a subset of GSE6998. (**B**) The output from the 'Functional Enrichment' strategy for a subset of GSE11990.

Computational implementation
----------------------------

After a job is launched, the user is redirected to a job status page that automatically reloads to report the progress status until the job is finished. Alternatively, users are asked to provide an email address to which their results will be forwarded when the job is finished. The time cost of Part I depends on the number of chips. The processing of a raw data set of 17 chips with default parameters requires 198.65 s on our Linux-cluster. With default parameters for Part II, ncFANs needs 78.06 s to construct a co-expression network from an expression profile with 15 290 genes and 17 experimental points. The time cost of functional annotation with a 68 044-edge network and default parameters is 42.24 s.

CONCLUSION
==========

ncFANs is the first web tool that performs functional annotation of lncRNAs based on a coding-non-coding gene co-expression network constructed from the re-annotated microarray data. In addition, ncFANs also provides access to pre-processed expression profiles and re-annotated CDF files, which enables users to integrate systematic analysis with various types of other high-throughput biological data sets. In the future, ncFANs will include more array platforms of Affymetrix and other corporations such as Agilent, Illumina and Invitrogen. With the development of genome information, the re-annotated CDF files will be updated by integrating the lncRNA information from FANTOM3 and Vega with several other available databases such as NONCODE ([@B30]), RNAdb ([@B31]) and lncRNAdb ([@B32]). Besides, ncFANs will improve the methods of functional annotation by integrating various upcoming high-throughput lncRNA data sets, such as physical interaction data, genetic interaction data and RNA structure data. In summary, ncFANs introduces a highly useful tool for re-use of the abundant existing microarray data. We strongly believe that ncFANs will be an informative data analysis tool for the scientific community, and will provide valuable information regarding the role of lncRNAs in biological processes.
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